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BACKGROUND OF THE INVENTION 

The present invention relates generally to compositions for supplying nutrients to cardiac tissue. More 
specifically, the present invention relates to the preparation of a medicament solution that can be used for 
5 cardiac therapy. 

Ischemia refers to a condition wherein tissue suffers from a decrease or cessation of perfusion by 
blood. Ischemia can occur due to a blockage of the blood vessels, for example, due to atherosclerosis 
wherein there is a narrowing of the diameter of the vessel. 

Cardiac tissue is susceptible to ischemia and can be severely damaged by such an event. Cardiac 
10 ischemia can be caused by a number of events. The recovery from cardiac ischemia is critical in order to 
insure proper cardiac function, and in many cases survival of the patient Cardiac ischemic events can be 
caused, for example, by heart attack or other disease states or from therapeutic intervention such as 
angioplasty or bypass surgery. Such ischemic events can either be minimal or extensive. 

During and after a heart attack, one of the principal goals Is to limit the damage caused by the resulting 
75 ischemic event. This is critical to a patient* s recovery. 

Although ischemic events can be the result of a disease state and therefore not entirely predictable, 
there are times when an ischemic event can be predicted. Indeed, some therapeutic interventions can result 
in an ischemic event. 

For example, it is known to use percutaneous transluminal coronary angioplasty, hereinafter referred to 
20 as "angioplasty", to increase the diameter of occluded arteries. Generally, angioplasty is performed using a 
multilumen inflatable balloon catheter. According to a typical procedure, the catheter is directed to an area 
wherein an inflatable balloon portion is located in juxtaposition to the occluded portion of the artery. When 
the catheter is appropriately positioned, so that it is surrounded by an occluding atheroma, the lumen is 
inflated. As the balloon expands, it deforms the occluding atheroma adjacent to its surface. This creates a 
25 larger inner diameter within the occluded artery. The usual method is to repeat the inflation an arbitrary 
number of times. It is hoped that by repeatedly deforming the occluding atheromas, they will become 
permanently deformed thereby providing the affected artery with a lumen having a sufficiently large inner 
diameter. 

Further, It is also believed that prolonging the duration that the balloon is inflated reduces the possibility 
30 of re-stenosis. By reducing the rate at which the balloon is inflated, the atheroma is slowly stretched and 
deformed. It is believed that the combination of these actions reduces the likelihood of re-stenosis. The 
balloon is then collapsed and retracted. 

Standard angioplasty protocol requires that the balloon is inflated for a period of about 60 seconds. 
During this period, the flow of blood through the artery is blocked. Accordingly, the supply of blood 
35 perfusing the tissue past the blockage becomes inadequate to sustain cellular metabolism. This creates 
ischemia. If the ischemic episode is prolonged, the affected tissue will die, a condition known as Infarction. 

When angioplasty is performed to reduce occlusion in a coronary artery, i.e.. percutaneous transluminal 
coronary angioplasty, myocardial tissue downstrearh from the inflated balloon becomes ischemic. The 
extent of the myocardial tissue effected and morbidity of the corresponding pathological syndrome depends 
40 greatly on the length of time the blood flow is interrupted. 

SUMMARY OF THE INVENTION 

The present invention provides a therapy for improving cardiac function that can be used as a cardiac 
45 therapy in which pre-existing ischemia is being treated or in which ischemia may result from a therapeutic 
intervention. Pursuant to the present invention, an amino acid solution is used in the manufacture of a 
solution that is infused into a patient. If desired, the amino acid solution can be used as an adjunct with 
current cardiac therapies In which a pre-existing Ischemia is being treated. On the other hand, if desired, 
the amino acid solution can be utilized prior to an anticipated ischemia, for example, an ischemic event 
50 caused by a therapeutic intervention. The amino acid solution of the present invention provides improved 
cardiac function after an ischemic insult. 

To this end. the present invention provides the use of amino acids in the manufacture of a composition 
for treating cardiac ischemia having a therapeutically efficient amount of amino acids. 

In an embodiment of the present invention, the solution is enriched in the amino acids that are 
55 metabolized to CO2 and H2O by pathways common to fatty acid oxidation such as leucine, isoleucine, 
valine, methionine, phenylalanine, tyrosine, and tryptophan. 

In an embodiment, the solution Includes amino acids that supply intermediates to the "TCA" cycle for 
maintaining oxidative metabolism, such as glutamic acid, glutamine. aspartic acid, and asparagine. 
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In an embodlnnent, the proportion and type of amino acids that are administered during the therapy are 
modified. 

In an embodiment of the method, the amino acids are chosen from the group consisting of: arginine; 
leucine; isoleucine; lysine; valine; phenylalanine; histidine; threonine; methionine; tryptophan; alanine; 
5 proline; serine; tyrosine; amino acetic acid; Isoleucine; leucine; and valine. 

In an embodiment of the method, the amino acids comprise: Isoleucine; leucine; and valine. 
In an emt>odiment of the present invention, amino acids are used to manufacture a composition that Is 
administered to a patient prior to an expected ischemic event. 

Additional features and advantages of the present invention are described In. and will be apparent from, 
10 the detailed description of the presently preferred embodiments. 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

The present invention provides the use of amino acids to manufacture a composition for improving 

15 cardiac function that can be used in conjunction with any cardiac therapy for treating a pre-existing 
ischemia such as thrombolytic therapy. The composition can therefore be used as an adjunct to traditional 
cardiac therapy for improving cardiac function after an ischemic event. The composition includes a 
therapeutically effective amount of an amino acid composition. 

Additionally, the present invention provides for the use of amino acids to manufacture a composition for 

20 improving cardiac function and limiting or preventing damage from an expected ischemic event. To this 
end, the Invention provides a composition that can be administered prior to and/or after an expected 
Ischemic event, for example, prior to a therapeutic intervention, e.g., bypass surgery or angioplasty. 

It has been found that a therapeutically effective amount of an amino acid solution, either given . 
parenterally or enterally, will improve cardiac function after an ischemic insult. 

25 In an embodiment, an amino acid solution including: arginine; leucine; isoleucine; lysine; valine; 
phenylalanine; histidine; threonine; methionine; tryptophan; alanine; proline; serine; tyrosine; and amino- 
acetic acid Is administered to a patient who has experienced an ischemic event, or is expected to. An 
example of an amino acid solution formulation that will function satisfactorily is 10% TRAVASOL® (Amino 
Acid) Injection distributed by Clintec Nutrition Company, Deerfield, IL. 

30 In an embodiment, an amino acid solution including the branched chain amino acids: isoleucine, 
leucine, and valine Is administered to a patient who has experienced an ischemic event, or is expected to. 
Preferably, the branched chain amino acids are included in approximately a 1:1:1 molar ratio. An example 
of such a branched chain amino acid formula is 4% BRANCHAMIN® (branched chain amino acid) Injection 
distributed by Clintec Nutrition Company. Deerfield, IL. 

36 In an embodiment, an amino acid solution including: glutamic acid; aspartic acid; arginine; leucine; 
isoleucine; lysine; valine; phenylalanine; histidine; threonine; methionine; tryptophan; alanine; proline; serine; 
tyrosine; and amino-acetic acid is administered to a patient who has experienced an ischemic event, or is 
expected to. An example of such an amino acid formulation is Novamine"^ Amino Acids Injection 
distributed by Clintec Nutrition Company, Deerfield, IL. 

40 In an embodiment, the amino acid solution includes: arginine; leucine; isoleucine; lysine; valine; 
phenylalanine; histidine; threonine; methionine; tryptophan; alanine; proline; serine; tyrosine; amino acetic 
acid; with the branched chain amino acid comprising approximately 50% (w:w) of the total amino acid. The 
branched chain amino acids can comprise approximately 15 to about 55% by weight of the total amino acid 
composition. 

45 Depending on the therapy or treatment, the amino acid solution can be modified. For example, the 
amino acid solution can either be balanced, or can be enriched in those amino acids that are metabolized to 
CO2 and H2O by pathways also used in fatty acid oxidation. Such amino acids include leucine, isoleucine, 
valine, methionine, phenylalanine, tyrosine, and tryptophan. Similarly, those amino acids that supply 
intermediates to the TCA ("KREBS") cycle are useful in maintaining the oxidative metabolism during 

50 ischemia. Examples of these amino acids include glutamic acid, glutamine. aspartic acid, and asparagine. 

It may be desirable to modify the composition of the amino acid solution during the various phases of 
therapy such as during ischemia and during recovery from ischemia. Accordingly, one or more different 
composition can be utilized and have specific benefits as an adjunct at different stages of the therapy. 
By way of example, and not limitation, experimental designs Incorporating the present invention will now 

55 be given: 
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Experimental Design: 

Rat hearts were perfused in a non-recirculating retrograde (i.e., Langendorff) manner for 10 minutes 
before switching to an anterograde working heart mode for 25 minutes at which time baseline hemodynam- 
5 ICS were recorded. The hearts were then subjected to 20.5 minutes of global no-flow ischemia (NFI). This 
was followed by 40 minutes of reperfusion in the working heart mode. Hearts were re-perfused with all 
solutions at 12-13 ml per minute. 

Previous studies have demonstrated that peak recovery of hemodynamic function occurs at approxi- 
mately 40 minutes reperfusion at this severity of Ischemic challenge. The preload was set at 15 cm H2O, 
10 the afterload at 80 cm H2O and the hearts were paced at 315 beats per minutes by a 2.2 Volt, 1.6 msec 
duration atrial stimulus. 

All hearts were perfused with 11 mM Glucose in KHB. Additionally, the hearts were perfused, in the 
following groups, with the following solutions: 

Group #1 Aerobic controls: Travasol® (T) (from Baxter Healthcare, Deerfield, IL) present throughout(t) 
75 at 

Group #2 NFI: Travasol® present throughout [Tt] 

Group #3 NFI: Travasol® throughout BranchAmin® (from Baxter Healthcare, Deerfield, IL) 

reperfusion only \JX + Br] 
Group #4 NFI: Non-Treated [0], I.e., Ischemic controls 
20 Group #5 NFI: BranchAmIn® (B), reperfusion only(r)[Br] 
Group #6 NFI: Travasol®, reperfusion only [Tr] 
Group #7 NFI: BranchAmIn®. throughout [Bt] 

Group #8 NFI: Travasol® and BranchAmIn® present throughout [T + B]t 
The Following Hemodynamic Parameters Were Measured: 
25 1 . Coronary flow [CF] ml/min [Cardiac perfusion] 

2. Aortic flow [AO] ml/min [Systemic outflow] 

3. Cardiac output [CO] ml/min [Total output] 

4. Left Ventricular minute work [LVMW] g*m/min [cardiac work] 

5. Left Ventricular Systolic Pressure [LVSP] mmHg [peak developed pressure, contractile apparatus 
30 performance] 

6. Left Ventricular Diastolic Pressure [LVDP] mmHg (main resistive element to subendocardial perfusion) 

7. Aortic Systolic Pressure [ASP] mmHg 

8. Aortic Diastolic Pressure [ADP] mmHg (major determinant of coronary driving pressure] 

9. Mean Aortic Pressure [MAP] mmHg [afterload] 

35 10. Coronary Vascular Resistance [CVR] mmHg'min/ml (indicator of coronary patency e.g. elevated by 
osmotic swelling compression of the microvasculature by lysed cellular debris emboli) 

11. Rate Pressure Product [RPP] mmHg/min [myocardial oxygen consumption Index] 

12. Cardiac Efficiency Index [EFFI] g"m/mmHg [defined as work/02 consumed (I.e.. EFFI = LVMW/RPP) 
Indicates cardiac pump efficiency and oxygen wastage] 

40 13. Recovery Time [RecT] min [duration of reperfusion required before an aortic outflow at 80 cm H20 is 
produced] 

14. Initial Ischemic Mean Left Ventricular Pressure [LVP i] mmHg 

15. Peak Ischemic Mean Left Ventricular Pressure [LVPmax t] mmHg 

16. Rnal Ischemic Mean Left Ventricular Pressure (LVPf i] mmHg 

46 17. Peak Amplitude Ischemic Contracture [ALVPpkl] [contracture severity] 

18. Post Peak Contracture Relaxation [ALVP post i] [contracture waning due to passive stretch from 
cytoskeletal distortion/disintegration] 

19. Last beat, min [latency to arrest, oxygen reserve] 

20. Latency to contracture onset [St'Cont] min [contracture onset delay] 
50 21. Latency to contracture peak [Pk Cent] min [contracture onset delay] 

Statistics were based on the two-tail Student test (p < 0.5) or Mann-Whitney U Test (Rec T) Only. 

The aerobic control group demonstrated a gradual increase in aortic flow, cardiac output, left ventricular 
min work, and cardiac efficiency Index throughout the 70 min period while other hemodynamic parameters 
remained unaltered. This demonstrated that the preparation was stable throughout the time range consid- 
55 ered in this study. 

Pre-ischemic hemodynamics recorded in this investigation were similar to those recorded for healthy in 
vivo subjects demonstrating the accuracy of the study. 
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Experimental conditions and pre-ischemic hemodynamics are present for each experimental group in 
Table 1 (see below). No apparent differences exist between groups. 

The results of the experiments were as follows . 

5 

Both Travasol® and BranchAmin® did not significantly alter baseline hemodynamics in the isolated rat 
heart (see Table 2). 

With respect to Ischemic contracture modulation by Travasol® and BranchAmin® neither agent 
significantly altered ischemic contracture severity nor time course (see Table 2). There existed a trend for 

TO the delay in onset of contracture by both Travasol® and BranchAmin®. 

Both Travasol® and BranchAmin® treated hearts demonstrated significantly enhanced recovery of 
hemodynamic functions when compared to non-treated ischemic hearts (group 4; see Table 3). At 40 
minutes reperfusion time this enhancement included the entire spectrum of hemodynamic parameters 
investigated with the frequent exception of mean aortic pressure (MAP) and left ventricular end diastolic 

15 pressure (LVDP). This effect was observed in all drug treatment regimes. This pattern of enhanced recovery 
of a broad spectrum of hemodynamic functions indicates that the mechanism Involves global myocardial 
salvaging. 

Neither Travasol® nor BranchAmin®, in any regime, were able to restore any hemodynamic function 

(i.e.. except occasional MAP and LVDP) to pre-ischemic levels (see Table 3); compare groups 2-8 with 
20 aerobic group #1. Therefore, 20.5 minutes no-flow ischemia produced subpopulatlons of myocardium that 

were either: a) infarcted during ischemia; b) condemned at reperfusion onset; or c) non-salvageable by 

Travasol® or BranchAmin® intervention. 

For both Travasol® and BranchAmin®. no statistically significant differences in evoked cardioprotective 

effectiveness could be found when the drug was present throughout the experiment versus when the drug 
25 was present during the reperfusion period exclusively. This indicates that the effective period of action for 

both drugs occurs primarily during reperfusion. (Table 3: compare groups 2 versus 6; and 5 versus 7.) 
Travasol® was found to be slightly more efficacious than BranchAmin® in enhancing post-ischemic 

hemodynamic recovery. These effects were parameter-selective and reached statistically significant levels 

during later reperfusion in drug present in the "throughout" paradigms only (see Table 3; group 2 versus 7). 
30 The parameters most influenced were developed pressures (i.e., LVSP, LVDP, ASP), contractility (LVdP/dT), 

and myocardial oxygen consumption (RPP). Collectively these parameters suggest enhanced salvation of 

the contractile apparatus. 

Post-ischemic hemodynamic recovery enhancement in hearts treated with a mixture of Travasol® and 
BranchAmin® (group 8) is significantly greater than those treated with BranchAmin® only (group 7). but not 
35 significantly greater than those treated with Travasol® only (group 2) (see Table 3). This suggests that 
either Travasol® contains additional cardioprotective agents which are absent in BranchAmin® or that the 
levels of branched amino acids present In Travasol® (i.e., 1.2mM) are sufficient to evoke cardioprotectlon 
similar to BranchAmin's concentration. 

The co-treatment with a mixture of Travasol® and BranchAmin® significantly enhanced recovery over 
40 Travasol-treatment (i.e., group 2) only at 30 min reperfusion of the following parameters: LVSP; LVdP/dT; 
and RPP. This was true only when the BranchAmin® co-treatment was present throughout. 

In contrast, co-treatment elicited significant enhanced recovery of CF, AO, LVMW, LVdT, RPP, and 
EFFI over BranchAmin-treatment The latter pattern suggests that co-treatment enhances myocardial 
salvaging over BranchAmin® treatment alone. 

45 



50 



55 
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TABLE 1 PROTOCOL GROUP EQUIVALENCE 





ProtDoool 


1 




2 




3 


4 




Substrate 


TL 




TL 




TL 


0 


5 


n 


10 




15 




13 


11 






MEAN ± 


sm 


MEAN ± 


SEM 


MEAN ± SIM 


MEAN ± SEM 




Teatp ^'C 


36.97 + 


0.04 


37.06 ± 


0.03 


37.02 ± 0.04 


37.0 ± 0.04 


10 


Body wt 


329 ± 


7 


319 ± 


5 


326 ± 4 


332 ± 4 




HR-P 


315 + 


0 


315 ± 


0 


319 ± 3 


316 ± 1 




CF-WP 


20.2 ± 


0.5 


19.8 ± 


0.7 


21.3 ± 0.7 


19.7 ± 0.7 


15 


AD-WP 


70 ± 


1 


69 ± 


1 


71 + 1 


68 + 2 




CX>-WP 


90 ± 


1 


89 ± 


2 


92 + 1 


88+3 




LVMW-WP 


74 ± 


1 


73 ± 


1 


75 ± 2 


71 + 2 


20 


LVSP-WP 


116 ± 


2 


114 ± 


2 


114 ± 2 


115 + 1 


LVDP^ 


11.5 + 


0.6 


12.6 ± 


0.4 


11.4 ± 0.5 


10.4 ± 1.0 




LVdP/dl-WP 


2516 ± 


1 


2614 ± 


1 


2653 ± 3 


2692 + 9 




ASP-WP 


120 + 


1 


120 ± 


1 


119 ± 1 


117 + 1 


25 


ADP-WP 


30.6 ± 


0.6 


30.2 ± 


0.4 


29.8 ± 0.6 


30.0 + 0.9 




MAP^ 


60.6 ± 


0.6 


60.1 ± 


0.4 


59.6 ± 0.5 


59.0 +0.4 




CVR-WP 


2.4 ± 


0.1 


2.4 ± 


0.1 


2.3 ± 0,1 


2.5 + 0.1 



30 



35 



40 



45 



50 
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KRPP-WP 36.4 + 0.5 35.8 ± 0.6 36.4 ± 0.5 36.5 ± 0.5 

LFFl-WP 2.04 + 0.03 2.03 + 0.03 2.05 ± 0.02 1.94 ± 0.05 



10 



15 



20 



30 



35 









TABLE X iOCSm.) 






Protocol 


5 




6 


7 


8 


Substrate 


Br 




Tr 


BT 


[TiB]t 


n 


12 




8 


11 


10 




MEAN + 


sm 


MEAN + sm 


MEAN ± sm 


MEAN + sm 


Teitp ''C 


37.03 ± 


0.03 


37.05 ± 0.03 


37.03 ± 0.04 


37.01 + 0.02 


Body wt 


326 ± 


4 


323 ± 5 


320 ± 4 


321 + 4 


HR-P 


316 ± 


1 


315 ± 1 


318 + 3 


315 + 0 


CF-WP 


20.7 ± 


0.7 


20.8 ± 1.1 


20.7 + 0.7 


19.3 + 0.7 


AO-WP 


73 ± 


1 


70+2 


69 ± 1 


69 ± 1 


CX>-WP 


93 + 


2 


91 ± 2 


90+1 


88 ± 1 


LVMW-WP 


75 ± 


2 


73+2 


73+1 


72 + 1 


LVSP-WP 


114 ± 


2 


115 ± 2 


113 + 2 


117 + 2 


LVDP-WP 


11.6 ± 


0.9 


10.9 ± 1.0 


11.0 + 0.8 


11.1 + 0.6 


LVdP/dl-WP 


2617 ± 


9 


2610 ± 6 


2701 + 10 


2619 ± 2 


ASP-WP 


119 ± 


1 


119 + 2 


118 + 1 


120 + 1 


ADP-WP 


29.0 ± 


0.4 


29.0 + 0.8 


30.0 ± 0.6 


29.8 + 0.7 


MAP-WP 


59.1 ± 


0.4 


59.1 + 0.6 


59.3 + 0.5 


60 + 0.6 


C\7R-WP 


2.3 ± 


0.1 


2.4 + 0.1 


2.4 + 0.1 


2.6 + 0.1 


KRPP-WP 


36.1 ± 


0.6 


36.2 + 0.7 


35.9 ± 0.5 


36.6 + 0.6 


LFFl-WP 


2.08 ± 


0.04 


2.02 ± 0.03 


2.03 + 0.02 


1.97 ± 0.04 



40 



45 



50 



7 



EP 0 483 614 A1 



1ABI£ 2 

TAie effects of Travasol® and Branchamiti® on pre-IscAianic 





hanodynamics and iscdiemic 


oontractuxe. 








5 


Substrate 


0 


T 


B 








n 


31 


38 


11 


P 


P 






MEAN 


MEAN 


MEAN 


TvsO 


BvsO 


10 


FRE-ISCHEMIC HEMODYNAMICS 












HR-P 


316 ± 1 


316 + 1 


318 + 3 


NS 


NS 




CF-WP 


20.4 ± 0.4 


20.4 ± 0.4 


20.7 + 0.8 


NS 


NS 


15 


AD-WP 


71+1 


70 ± 1 


69 + 1 


NS 


NS 




00-WP 


91+1 


91+1 


90 ± 1 


NS 


NS 




LVMW-WP 


73 + 1 


74 + 1 


73 + 1 


NS 


NS 


20 


LVSP-WP 


115 ± 1 


114 ± 1 


113 + 1 


NS 


NS 


LVDP-WP 


11.0 + 0.5 


11.9 ± 0.3 


11.0 + 0.8 


NS 


NS 




LVdP/dT-WP 


2649 ± 31 


2601 + 33 


2702 ± 50 


NS 


NS 




ASP-WP 


118.5 + 0.8 


119.8 ± 0.6 


117.9 + 1.5 


NS 


NS 


25 


ADP-WP 


29.4 + 0.4 


30.2 + 0.3 


30.1 ± 0.6 


NS 


NS 




MAP-WP 


59.1 ± 0.2 


60.0 ± 0.3 


59.3 ± 0.5 


* 


NS 




CVR-WP 


2.40 + 0.06 


2.38 ± 0.04 


2.36 + 0.09 


NS 


NS 


30 


kRPP-WP 


36.3 + 0.3 


36.2 ± 0.3 


35.9 ± 0.5 


NS 


NS 




EFFl-WP 


2.01 + 0.02 


2.04 ± 0.02 


2.03 ± 0.02 


NS 


NS 




ISCHEKCC CXDNTRACIURE 










35 


LVP*i 


10.1 + 0.2 


10.2 + 0.2 


9.9 ± 0.3 


NS 


NS 


LVBnax i 


33 + 3 


35 ± 3 


34 + 4 


NS 


NS 




LVPf i 


27 + 2 


28 + 3 


29 + 4 


NS 


NS 




St* Cont 


14.4 + 0.9 


15.5 + 0.5 


15.6 + 1.0 


NS 


NS 


40 


Pk Cont 


17.4 + 0.7 


18.0 + 0.4 


17.8 + 0.8 


NS 


NS 




last beat 


116 + 4 


124 ± 5 


131 ± 12 


NS 


NS 




ALVP pk 


23 + 3 


25 ± 3 


24 + 4 


NS 


NS 


45 


ALVP post 


-7 + 2 


-7 + 1 


-8 + 4 


NS 


NS 



NS = Non Significant (p > 0.05) 
* = Significant (p < 0.05) 

50 
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0 Non-Treated 

T Travasol® -Treated 

B BrandiAinin® -Treated 

TABLE 3 

COMPARISON OF % RECOVERY OF HEMODYNAMIC FUNCTIONS BETMEEN AEROBIC (GROUP 1), MD 
ISCHEMIC (GROUPS 2-8) 

Note: All values in the ischemic/reperfused hearts (Groups 
2-8) are significantly lower than those in aerobic 
hearts (Group 1), except for those marked ns. p = < 0.05 



Protocol 


















Group 


1 
I 


O 

C 


0 


A 
H 


E 




7 


o 


%CF-10 










. alXXU 








tSCF-ZO 






/ /iH 






67+8 


56-«-10 


76+2 


#/T Oft 






ouzo 




f>4-t€ 


73+8 


62l8 


73+3 


a/An 1 A 


in9+i 


lUXO 






15+5 




1115 


3+3 


idi'iJ-tM 


103±1 


37+7 




2+2 


20+7 


2917 


22l7 


40l6 


iirij yj 


105+1 


47+7 


35+5 


4±4- 


28+7 


40+8 


2818 


5016 


7<WJ-40 


106+1 


50t6 






35+7 


4017 


3318 


5415 


yxo-10 


102il 


17±6 


13±3 


6±3 


22+6 


1718 


2116 


10±4 


?{C0-20 


104±1 


44+6 


38+4 


5+2 


28+7 


38+7 


3018 


4815 


%C0-30 


104+1 


53+6 


46+5 


8+4 


35±7 


4717 


3518 


55l5 


%C0-40 


106+1 


55±6 


49+5 


13+6 


42+7 


48+7 


4017 


58+5 


%L\/Mrf-10 


102+1 


17+7 


13+4 


5+3 


24+7 


17+9 


2117 


914 


%LVMM-20 


104+1 


48+6 


41±5 


5±3 


30+7 


42+8 


3218 


5316 


%LVMM-30 


105+1 


58±6 


50+5 


8±5 


38±7 


5118 


3818 


6116 


%LVMM-40 


107±1 


60+6 


53+5 


14+6 


46±7 


5218 


4318 


6415 


%LVSP-10 


lOltO 


56+7 


55+8 


34+5 


62+9 


52111 


6317 


4018 


%LVSP-20 
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By way of example, and not limitation, contemplated examples will now be given. 
Example One 

This contemplated example demonstrates the use of the composition and method of the present 
invention as a therapy for a patient having ischemic cardiac tissue. 

A middle-aged male patient is admitted to intensive care following an acute myocardial infarction. 

A thrombolytic drug was immediately administered intravenously to the patient. As soon as the drug 
infusion was completed, an infusion of substrates • amino acids and dextrose - was started. 

The substrate mixture was prepared as follows. Rve hundred mL of 10% dextrose was admixed with 
200 mL of 10% Travasol®: the admixture was brought to one Liter with water. The final concentration of 
substrates was thus 5% dextrose and 2% amino acids (w:v). Selected electrolytes were added as 
prescribed by the attending physician. This admixture was Infused via the same site as the thrombolytic 
drug, at a rate of 70 mUhour until the infusion was complete. 
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During the above period the patient was managed as follows. The heart was monitored by continuous 
EKG recording. Serial blood samples were taken at 1-1.5 hour intervals, for the measurement of creatine 
phosphokinase (CPK). The enzyme. CPK, is released from damaged heart cells, and is a rough index of the 
degree of injury severity and recovery. 
5 It was observed that the EKG showed minimal evidence of reperfusion arrythmias. with a return to a 
reasonably normal pattern in 6-7 hours. Other patients with attacks of similar severity, but not treated with 
substrates, usually showed substantial evidence of reperfusion arrythmias and a return to acceptable 
patterns only after 8-10 hours. 

Blood levels of CPK would have been expected to peak at about 10 hours; in this patient it peaked at 
10 about 8 hours. 

The patient was discharged from the ICU in 2 days, and from the hospital 2 days thereafter. 
Subsequent testing showed recovery of the damaged myocardium to a greater degree than would have 
been seen in patients not infused with substrate. 

75 Example Two 

This contemplated example demonstrates the use of the composition and method of the present 
invention as a therapy prior to an ischemic event. 

A middle-aged male underwent an angioplasty. A balloon catheter was placed so as to be surrounded 

20 by atheroma in an artery leading to the heart. The balloon was expanded to push the atheroma Into the 
intima. The balloon was then partially deflated, moved downstream to the next section of atheroma, and the 
procedure repeated. The total time of near-total interruption of flow through this vessel, due to the 
angioplasty procedure per se, was one hour and 20 minutes. 

Immediately upon removing the balloon portion of the catheter an Infusion consisting of metabolic 

25 substrates was begun, through the lumen of the catheter. It was prepared as described above In Example 
One, except that the final concentration of dextrose was 10%; and of amino acids, 3%. In this manner, the 
heart was rather directly perfused with substrate for 20 minutes. The entire catheter was then removed so 
as to allow blood flow to retum to the heart. The substrate mixture was then infused via a peripheral vein 
and continued until the Infusion was completed. 

30 Considering the degree of atheromatous occlusion and the duration of the angioplasty procedure, 
clinical experience led the cardiologist to predict that the patient would have significant abnormalities of the 
EKG for several hours following the procedure. However, infusion of the substrate seemed to allow the heart 
to evolve to a reasonably normal EKG in less time than expected. Hemodynamic parameters also reflected 
a return to normal in an accelerated time. The patient experienced no problems and was discharged that 

36 evening. 

it should be understood that various changes and modifications to the presently preferred embodiments 
described herein will be apparent to those skilled in the art. Such changes and modifications can be made 
without departing from the spirit and scope of the present invention and without diminishing its attendant 
advantages. It is therefore intended that such changes and modifications be covered by the appended 
40 claims. 

Claims 

1. Use of amino acids for the preparation of a composition for aiding recovery of cardiac function, in a 
45 patient having ischemic cardiac tissue. 

2. Use of amino acids for the preparation of a composition for limiting damage from cardiac ischemia in a 
patient expected to have a cardiac ischemic event. 

50 3. The use according to Claims 1 or 2 wherein the composition includes: arginlne; leucine; isoleucine; 
lysine; valine; phenylalanine; histidine; threonine; methionine; tryptophan; alanine; proline; serine; 
tyrosine; amino acetic acid; wherein branched chain amino acids comprise approximately 15% to about 
55% by weight of the amino acid content of the composition. 

55 4. The use according to Claims 1 or 2 wherein the composition includes: isoleucine; leucine; and valine. 
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5. The use according to Claims 1 or 2 wherein the composition includes: arglnine; leucine; isoleucine; 
lysine; valine; phenylalanine; histidlne; threonine; methionine; tryptophan; alanine; proline; serine; 
tyrosine; and amino acetic acid. 

6. The use according to Claims 1 or 2 wherein the composition is enriched in amino acids metabolized to 
CQ2 and H2O by pathways shared with those of the fatty acid oxidation. 

7. The use according to Claims 1 or 2 wherein the composition includes at least one amino acid chosen 
from the group consisting of leucine, Isoleucine, valine, methionine, phenylalanine, tyrosine, and 
tryptophan. 

8. The use according to Claims 1 or 2 wherein the composition includes amino acids that supply 
intermediates to the tricarboxylic acid ("KREBS") cycle. 

9. The use according to Claims 1 or 2 wherein the composition includes at least one amino acid chosen 
from the group consisting of glutamic acid, glutamine, aspartic acid, and asparagine. 

10. The use according to Claims 1 or 2 wherein the amino acid composition administered Is varied during 
the treatment. 

11. The use according to Claims 1 or 2 wherein the composition includes: glutamic acid; aspartic acid; 
arginine; leucine; isoleucine; lysine; valine; phenylalanine; histidlne; threonine; methionine; tryptophan; 
alanine; proline; serine: tyrosine; and amino acetic acid. 

12. The use according to any of the preceding claims wherein the composition is administered enterally. 

13. The use according to any of the preceding claims wherein the composition is administered parenterally. 

14. Use of amino acids for the preparation of a composition that is administered to a patient during a 
surgical intervention for treating atherosclerosis. 

15. The use according to Claim 14 wherein the surgical intervention is percutaneous transluminal coronary 
angioplasty. 

16. The use according to Claim 14 wherein the surgical intervention is coronary by-pass surgery. 
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